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ROTATION AND ORIENTATION OF COSMIC DUST PARTICLES

(*)
Doklady A.N. SSSR, by A. Z. Delginov
Astronomiya
Tom 179, No.5, 1070-1073,
Izd-vo ''NAUKA'", 1968.
SUMMARY

In view of discussing the passage of light through the outer space medium,
various hypotheses are invoked to find the causes inducing the spinning and
orientation od cosmic dust particles. These phenomena are examined in inter-stel-
lar, as well as interplanetary space. The roles of solar wind protons and of
gas flows are discussed. The behavior of cosmic dust particles in planetary
atmospheres is also examined.

1. Data on concentration and physical properties of cosmic dust are
indispensable for the description of light passage through the outer space
medium, the explanation of Zodiacal light, the construction of cosmogonic
hypotheses and so forth. Observations show that when light traverses cosmic
dust clouds, it is polarized and partially absorbed, particularly in the short-
wave region of the spectrum. Light polarization is apparently due to the scat-
tering of dust particles having a non-spherical shape or sharply anisotropic
properties and oriented in outer space.

In most of the hypotheses explaining the orientation of dust particles
it is postulated that they contain ferromagneticatoms. When such a particles
spins in the interstellar magnetic field, its angular moment is lined up along
the lines of force. However, the alignment time is great, some 108 years. It
is comparable with the time of dust cloud existence and is less than the cha-
racteristic times of gas' turbulent motion. Moreover, this hypothesis requi-
res an anomalously large distribution of ferromagnetic substances.

In another hypothesis, that of Gold [2], the orientation is considered
under the action of interstellar gas' supersonic flow. The total moment of
a dust particle induced by atomic gas impacts is determined as M = M; + M,,
where M is a moment from collision with chaotically moving atoms, and M, is
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ﬁl Tmrn X ¥ is the moment from colllSlons with the directed flow; m is the
mass of the atom, v is the flow velocity, T r, is the radius-vector from the cen-
ter of the dust partlcle to the point of impact, X is the sum by all impacts.
The quantity ﬁl is perpendicular to the flow, but It is very small, since the
probability of impact on one side of the particle's center of gravity is equal
to the probability of impact from the other side, while fluctuations were dis-
regarded by Gold. This is why the sum with respect to n is equal by order of
magnitude to one addend, i. e. to the moment obtained from a single atomic gas
impact. The chaotic component My approaches the large equilibrium value

M, » (3kTI)'2,

where I is the moment of inertia of the dust particle and T is the temperature
of the gas. Inasmuch as in those conditions no notable moment orientation can
be expected, the Gold hypothesis failed to become widespread.

In all the above hypotheses no attention was given the fluctuation of the
number of impacts of incident particles on various sides of dust particle's
center of gravity. Meantime, this is the situation which precisely leads to
a qualitatively new situation assuring a rapid orientation of dust particles'
moments. We shall demonstrate that dust particles orient themselves under the
action of corpuscular and light fluxes originating from the Sun and stars, and
of gas flows in the outer space. Let us stress that dust particles orient them-
selves not only in the interstellar, but also in the interplanetary space and
even in the atmosphere.

2. Let us consider a dust particle in interplanetary space. Proton flux
of solar wind and Sun's light emission act upon it. Assume for the sake of
simplicity that the dust particle is symmetrical relative to its center of gra-
vity. Let wpt be the mean number of protons incident on the particle on one
side from its center for the time t. The probability of hitting by a specific
number of protons is given by Poisson distribution. The probability that for
the time t n more protons will be incident on one side than on the other is

W= 31 IV + n)INY™ ()™ exp (2uwyt). (L
N=0

The root-mean-square value of the excess of the number of protons
(n?)" (Zn"”’ ) ’ (Zu*pt)l/’

rises proportionally to the square root of flux's action time.

The average moment acquired by the dust particle during the time t as a
result of the fluctuation of the number of protons hitting it is

M= nl[.;;, VP] (2wpt) '/z, ‘ (3)

where ¥_ is the mean velocity of protons, and 6 is the mean value of the impact
parameter. )



Let us consider a uniform dust particle with dimensions B = C along two
axes and A = YB along the third axis, where y = 1. The motion of such a dust
particle is composed of spinning around axis K and precession about the direc-
tion M. 1If the particle is stretched (y > 1), the component of the torque around
the short axis is greatest, for the highest value of the mean impact parameter
= YB / 4 corresponds to it. The angle between the axis X and the direction of
the moment is determined by the well known formulas of motion of a symmetrical
tip-top.
cos 0 = Ma/ B = (14 2y%) " (4)
The angular velocity of particle spinning about axis X and its precession
around M are respectively equal to

M 3mer
(DA P ———-4— =

Y, M 3me RN Y .
14 g (21 1", = = p (2 : (5)

©np *= T, YD T A4y (2upt) ™,

where [, :=~B8/[0, Ip=Ic=v(1+v)B*6 /12 are the moments of inertia and § is
the density of the dust particle.

The flux of solar wind protons at the distance r from the Sun is J, = nvp,
where n = Q/vpr is the concentration of protons. The probability for one of
these protons of hitting the particle is 2w, = J S, where S is the projection

of particle's surface on a plane perpendicuEar to the flux. Thus,
P

M = m[s, vo] (JpS1) " (6)

For solar wind protons (with energy v 1 kev) the dust particle is practical-
ly a blackbody. The data on light scattering and polarization point to the fact
that the shape of cosmic dust particles is far from spherical and that their di-
mensions are most probably v 10™" - 10-%cm. Meteor data attest to the fact that

the density values of dust particles have a wide range from 0.05 to 8 g.cm™°.

Assuming for example B = 10"“ em, p = 510" cm, S~ 1078 em, y =2, 86 =1
g em™’ at the distance of 1 a.u. = 1.5 10'% cm for avera%e values n = 5 cm~3,
Vp = 3:10" cm.sec™', we shall obtain a torque M = 3.1072 /t; the correspondlng
angular velocities will be wa= w r5250.6 /t rad.sec”!. Therefore, the angular
velocity of a dust particle attains 0.6 rad.sec™' as early as in the course of
the first second of its sojourn in the flux; in 24 hours it reaches 200 rad.sec”™
and in the course of one year Vv 3 10% rad.sec™'. If the dimensions of the dust
particle are ~ 107° cm, its angular velocity is approximately 100 times greater
than that indicated; however, such tiny dust particles are wiped out by radial
pressure from the solar system.

1

The rotation of dust particles may be induced not only by a directed flux
of protons, but also by a flux of photons arriving from the Sun. In this case
we shall have, analogously to (6)

IlV

nz_qmnHJ&V.k=km (7



hy is the mean energy of photons and Jy is their flux at the distance r from

the Sun. Considering an identical dust particle as in the preceding case, and
taking into account that the bulk of the solar wind is near the energy range

hy = 1 ev while at the distance r = 1 a.u. the emission flux is ~ 2.10!7 photons/
/cm? -sec, we shall obtain M &~ 1.2:107%22/t, i. e. the effect from the light flux
is by one order smaller than that from the solar wind. However, at range from
the Sun, where corpuscular stream loses its directed velocity, the light flux
may become the main factor inducing the spinning of dust particles.

4. Tt is evident that all the preceding reasonings, with the exception of
quantitative estimates, are also related to dust particles near stars, in the
interstellar space and in gas—-dust nebuale. Numerous data are available on gas
flow in nebulae, but there is no basis to consider that gas and dust are there
in equilibrium. External factors, such as light pressure, magnetic field,
flux intrusion from without and so forth, influence in different fashion the gas
and dust components of nebulae, and one is led to believe that the motion of gas
relative to dust takes place all the time. Analogously to solar wind, gas flows
also result in particle spinning. Alongside with the directed motion, gas par-
ticles participate in chaotic, thermal motion, which results in the appearance
of an isotropic component of dust particle torque. The ratio of this compgnent
to that perpendicular to the flux is proportional to the quantity (v, / v) 2,
according to (6), where v is the directed and vt is the chaotic velocity of gas
particles. For v > v; the moment settles perpendicularly to the flow. At long
diatnace from stars the light flux (Jy v 10° photons/cm2 sec) cannot create a
notable orientation of dust particles' torques since the disorientation at col-
lisions with interstellar gas particles is more effective than the orientation by
light,

The orienting action of the flow will cease when the dust particle will
acquire its velocity. The standard estimates of concentration and temperature
in the neutral hydrogen in interstellar space (in the HI zone) correspond to
ny~ 10 ex3, T 2 100° K, i.e. to the thermal velocity v = 1,5-10° cm/sec. The
motion of fluxes in the zone HI (for example, as a result of hydrogen carrying
as zone H II expands) takes place with velocities vy > 10° cm/sec. The veloci-

ty of a carried particle is determined by the equation
mgd == xS (v - v)?,

where K is the accomodation factor, mg = YB36 is the mass of the dust particle,
S = YB? is its area turned toward the flux, § is the density. The velocity v
will be attained in the time Tp == mgv[vdvo—~v)znmS]‘t For dust particle with

§ =3 g-em™?, B = 5.10"° cm and K 1, the velocity y =~ 08 vewill be attained in
10° years. During that time the dust particle will succeed in ac?uiring the
mean angular velocity perpendicular to the flow, Wy = 3.107 sec™ .

Orientation disruption of dust particles may take place not only on account
of collisions with chaotically moving atoms or with one another, but also as a
consequence of ?recession in the magnetic field. If a dust particle with dimen-
sions B = 5 107> cm has a 0.03 v potential, the velocity of its precession in a
magnetic field with H = 1075 oe will be © =1071!! gec™! , 1. e. its orientation
will be disrupted by about 1000 years.



We shall not compute here the parameters characterizing the polarization
of light scattered by oriented particles, though this question calls for a more
thorough consideration than the one made in the works [1 - 3]. The results of
the latter may be utilized for the estimates of polarization. Note that the
orientation of dust particles in interplanetary space must be taken into account
when interpreting the polarization observations of comets, Zodiacal light and
gegenschein.

5. In the Earth's and planetary atmospheres dust particles are under the
action of wind. For the altitudes where the mean free path of molecules is
much greater than the size of particles, wind induces spinning and orientation
of dust particles' moments in the same way, as described above. In the dense
layers of the atmosphere, where the mean free path is small, dust particles ra-
pidly acquire the velocity of the wind and are carried with it. This phenomenon
is immaterial for cosmic dust particles, for the time required for their carrying
by solar wind or gas flows is very long. In the dense atmosphere entrainment
time by the wind is short, while the spin deceleration is great. This is why no
stationary spinning occurs. Nevertheless, orientation may arise in the presence
of wind velocity gradient in a direction perpendicular to the flow, whereupon
in the given case what is oriented is not the angular moment but directly the
axis of the dust particle. To describe this case we may take advantage of the
well known results about the orientation of stretched molecules in the flow [4].
The number of dust particles, whose axes form an angle ¢ with the direction of'
the flow, is determined by the expression

\ an’®  de .
N(9) = N.)[i -1 -1—10—”/—]-55— sin 21‘)_] : (8)

It was assumed when deriving (8) that all dust particles are identical
and have the shape of thin rods with length I, while the gas flow is directed
along the axis z and has a velocity gradient (3vz/3y) along the axis y. Here
n is gas' viscosity factor, T is its temperature and k is the Boltzmann constant.
The direction of dust particles' prevailing orientation forms an angle of 45°
with the direction of the flow. For not too small atmospheric dust particles
(= 107 3cm the degree of orientation may be not too small. For example, in lower
air layers at 7 ~ 3-10°°K n =~ 2-10*%, (dv,/dy) =01 and I~ 10 3cm we shall
obtain an orientation v 10 percent.
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